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ABSTRACT 

The Fornax Cluster Spectroscopic Survey (FCSS) project utilises the Two-degree field 
(2dF) multi-object spectrograph on the Anglo-Australian Telescope. Its aim is to ob- 
tain spectra for a complete sample of all 14000 objects with 16.5 < bj < 19.7 irrespec- 
tive of their morphology in a 12 deg 2 area centred on the Fornax Cluster. A sample 
, of 24 Fornax Cluster members has been identified from the first 2dF field (3.1 deg 2 in 

\Q • area) to be completed. This is the first complete sample of cluster objects of known 

' distance with well defined selection limits. 19 of the galaxies (with -15. 8< Mb <-12.7) 

appear to be conventional dwarf elliptical (dE) or dwarf SO (dSO) galaxies. The other 5 
objects (with -13. 6< Mb <— 11.3) are those galaxies which we described in Drinkwa- 
^ e— | ter et al. (2000b) and labelled 'Ultra-Compact Dwarfs' (UCDs). A major result is 

O ^ that the conventional dwarfs all have scale-sizes a<;3 arcsec (~300 pc). This apparent 

minimum scale size implies an equivalent minimum luminosity for a dwarf of a given 
surface brightness. This produces a limit on their distribution in the magnitude-surface 
brightness plane, such that we do not observe dEs with high surface-brightnesses but 
| faint absolute magnitudes. Above this observed minimum scale-size of 3 arcsec, the 

dEs and dSOs fill the whole area of the magnitude-surface brightness plane sampled by 
our selection limits. The observed correlation between magnitude and surface bright- 
ness noted by several recent studies of brighter galaxies is not seen with our fainter 
$2] ■ cluster sample. A comparison of our results with the Fornax Cluster Catalog (FCC) 

of Ferguson illustrates that attempts to determine cluster membership solely on the 
basis of observed morphology can produce significant errors. The FCC identified 17 of 
the 24 FCSS sample (i.e 71 per cent) as being 'cluster' members, in particular missing 
all 5 of the UCDs. The FCC also suffers from significant contamination: within the 
FCSS's field and selection limits, 23 per cent of those objects described as cluster 
members by the FCC are shown by the FCSS to be background objects. 

Key words: galaxies: luminosity function - galaxies: statistics - galaxies: clusters: 
individual: Fornax - surveys - techniques: spectroscopic 
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1 INTRODUCTION 

It is generally perceived that dwarf galaxies are primarily 
of low surface brightness, and that lower luminosity galax- 
ies have fainter surface brightnesses. In particular, low sur- 
face brightness galaxies (LSBGs) seen towards a cluster 
are conventionally assumed to be members, while appar- 
ently faint, but high surface brightness galaxies (HSBGs) 
are presumed to be luminous objects in the background 



(e.g. Sandage, Binggeli & Tammann 1985). Indeed, it has 
frequently been asserted that dwarf galaxies (in particu- 
lar) exhibit a strong surface brightness - luminosity relation 
(e.g. Sandage, Binggeli & Tammann 1985; Bingelli, Sandage 
& Tammann 1985; Kormendy 1985; Ferguson & Sandage 
1988). Binggeli (1994) has particularly persuasively argued 
this point with reference to the Local Group. Nevertheless, 
other authors have noted that a good deal of the evidence 
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for the correlation relies on the 'eyeball' selection of dwarf 
galaxies 'similar' to ones already known, that any correla- 
tion breaks down at the low luminosity end, and/or that 
there may be strong selection effects limiting the detected 
galaxies' photometric parameters (e.g. Phillipps, Davies & 
Disney 1988; Irwin et al. 1990). 

The failure of the relation, i.e. the existence of large 
background LSBGs (such as the serendipitously discovered 
Malin 1; Bothun et al. 1987), or of a population of high 
surface brightness (compact) dwarfs in a cluster (Drinkwa- 
ter & Gregg 1998), or indeed of a population of galaxies so 
compact as to masquerade as stars and, hence, be missed 
altogether from galaxy samples (e.g. Arp 1965; Drinkwater 
et al. 2000b; Phillipps et al. 2001) could have a dramatic 
effect on our perception of the galaxy population as a whole 
(see Impey & Bothun 1997). 

The primary factor preventing a resolution of the con- 
troversy has been the non-existence of suitable samples of 
confirmed dwarfs of known distance (and hence luminosity) 
with well defined selection limits. Generally, dwarf galaxy 
samples have been either subjectively (for instance, mor- 
phologically) selected sets of cluster galaxies (e.g. Fergu- 
son 1989) or objectively chosen sets of galaxies with uncon- 
firmed cluster membership/unknown distances (e.g. Irwin et 
al. 1990). 

However, the development of a new generation of multi- 
object spectrographs, exemplified by the '2 degree field', or 
2dF, multi-fibre spectrograph on the Anglo- Australian Tele- 
scope (A AT) (see e.g. Taylor, Canon & Parker 1998), has 
made it possible to conduct a truly complete spectroscopic 
survey of a given area on the sky, down to well determined, 
faint limits, irrespective of image morphology or any other 
pre-selection of target type, and thus obtain redshifts for a 
large and unbiased sample of targets (Phillipps 1997). Our 
Fornax Cluster Spectroscopic Survey (FCSS) aims to exploit 
the huge multiplexing advantage of 2dF in this way by sur- 
veying, in total, a region of 12 deg 2 centred on the Fornax 
Cluster of galaxies. The prime reason for choosing this area 
of sky area was, of course, the presence of the Fornax Clus- 
ter itself. Fornax, with Virgo, is the nearest reasonably rich 
cluster (approximately Abell Richness Class - it is supple- 
mentary cluster S0373 in Abell, Corwin & Olowin 1989). 

The targets of the FCSS encompass both cluster galax- 
ies, of a wide range of types and magnitudes, and back- 
ground galaxies (over a similarly wide range of morpholo- 
gies), as well as Galactic stars and QSOs (Drinkwater et al. 
2000a). Our main motivation for an all-object survey was 
to determine cluster membership for as complete a sample 
of objects as possible across a wide range of surface bright- 
nesses. We wished to test, in particular, whether the usual 
assignment of LSBGs to the cluster and high (or even 'nor- 
mal') surface brightness faint galaxies to the background is 
justified. The situation regarding HSBGs is even less clear 
than for LSBGs - the question of the very existence of nor- 
mal or high surface brightness dwarf galaxies (excepting pos- 
sibly pathological cases like M32) has been highly controver- 
sial - see, for example, the contrasting views expressed in 
Ferguson & Sandage (1988) and Irwin et al. (1990). An up 
to date discussion is given in Trentham & Hodgkin (2002). 

Drinkwater et al. (2000a) (hereafter Paper I) outlined 
the aims and methods of the FCSS and presented the re- 
sults from the first 2° diameter field surveyed. Drinkwater 



et al. (1999) (Paper II) described the nature of several com- 
pact galaxies found beyond the cluster. Meyer et al. (2001) 
( Paper IV) discussed the quasars found in the FCSS data. 
Drinkwater et al. (2000b) (Paper III) and Phillipps et al. 
(2001) (Paper V) described the discovery of 5 extremely 
compact, high surface brightness dwarf galaxies within the 
cluster. These objects (dubbed 'Ultra-Compact Dwarfs' - 
UCDs) have intrinsic sizes ^100 pc. They are more compact 
and significantly less luminous than other known compact 
dwarf galaxies, yet are much brighter than globular clusters. 

The data from the first field (see Paper I) revealed that 
the Fornax Cluster is clearly defined kinematically. A total 
of 24 galaxies from the data lie within the cluster (this in- 
cludes the 5 UCDs described in Papers III and V). This is, to 
our knowledge, the first complete sample of dwarf galaxies 
of known distance (and hence luminosity) with well defined 
selection limits. In this paper we study the nature of the 
objects in this complete sample. Section 2 briefly describes 
the methods and present status of the FCSS. Section 3 de- 
scribes the contents of the complete Fornax Cluster sample 
and presents B and R photometry, radial intensity profiles 
and radial colour distributions for all 24 confirmed cluster 
members. Using this data we are able to explore (in Section 
4) the distribution in luminosity and surface brightness of 
the confirmed cluster members. Section 5 presents our con- 
clusions. 



2 THE FORNAX CLUSTER SPECTROSCOPIC 
SURVEY 

The FCSS survey-area will ultimately comprise four sepa- 
rate 2dF fields, covering the majority of the Fornax Cluster 
area (see fig. 1 and table 1 of Paper I). The results pre- 
sented in this paper are derived from the first of these four 
fields to be completed. Field 1 is centred on the large galaxy 
NGC 1399 at the centre of the cluster (R.A -03 ,1 38 m 29.0 s , 
Dec.=35°27'01", J2000). 

In common with the main 2dF Galaxy Redshift Survey 
(2dFGRS; see Colless et al. 2001 and references therein), we 
have chosen to select our targets from catalogues based on 
UKST Sky Survey plates digitised by the Automatic Plate 
Measuring (APM) facility at Cambridge (see Irwin, Maddox 
& McMahon 1994). However, unlike other galaxy surveys, 
which only select resolved images for spectroscopic measure- 
ment, we avoid any morphological pre-selection and include 
all objects, both resolved and unresolved (i.e. 'stars' and 
'galaxies'). This means that we can include galaxies with 
the greatest possible range of surface brightnesses: our only 
selection criterion is the (blue) magnitude limit. Including 
objects normally classified as stars greatly increases the size 
of our sample but it is the only way to ensure completeness. 

In order both to cover a large number of targets and 
to go significantly deeper than previous spectroscopic clus- 
ter surveys we chose to limit our survey at a bj magnitude 
of 19.7. This is marginally deeper than the main 2dFGRS, 
which is limited at bj — 19.45. bj is the natural B band pho- 
tographic system of the UKST data. This is related to the 
standard Cousins B magnitude by bj = B — 0.28 x (B — V) 
(Blair & Gilmore 1982). Targets are also chosen to be fainter 
than bj = 16.5, since the photometry of brighter objects 
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is problematic with the UKST/APM data (particularly be- 
cause of image saturation). 

Note that the selection limits of the overall APM ob- 
ject catalogue (images larger than a certain area at a given 
isophotal detection threshold) do not impinge on our tar- 
get selection, since any galaxies brighter than bj — 19.7 and 
with surface brightness high enough to be observable with 
2dF (see below) are well above the APM limit (see also Pa- 
per I). 

Our input catalogue for the FCSS is a standard APM 
'catalogues' file (Irwin et al. 1994) of field F358 from 
the UKST Southern Sky Survey. The field is centred at 
R.A.=03 h 37 m 55!9, Dec.=-34°50'14" (J2000) and the region 
scanned for the catalogue file is 5.8x5.8 deg 2 , approximately 
centered on the Fornax Cluster. The APM image catalogue 
lists image positions, magnitudes and morphological classi- 
fications (as 'star', 'galaxy', 'noise', or 'merged') measured 
from both the blue and red survey plates. The 'merged' im- 
age classification indicates two overlapping images: at the 
magnitudes of interest for this project the merged objects 
nearly always consisted of a star overlapping a much fainter 
galaxy. All the positions are measured from the more recent 
red survey plate (epoch 1991 September 13 compared to 
1976 November 18 for the blue plate) to minimise problems 
with proper motions. The APM catalogue magnitudes are 
calibrated for unresolved (stellar) objects only (see Bunclark 
& Irwin 1984), so we supplemented these with total magni- 
tudes for the galaxies measured by direct analysis of the 
digitised plate data. These magnitudes were obtained by 
fitting exponentials to the APM galaxy surface brightness 
profiles (see Phillipps et al. 1987 and Morshidi-Esslinger, 
Davies & Smith 1999) across the surface brightness range 
22.7 to 25.7 B mag arcsec -2 (i.e. between the possibly satu- 
rated inner parts of the images and the sky noise dominated 
outer parts). Central surface brightnesses and exponential 
scale lengths could be determined in this way and combined 
to give pseudo-total magnitudes (see Paper I for further de- 
tails); we refine these measurements for the cluster objects 
in the present paper. 

Our target selection then consisted simply of taking all 
objects from the APM catalogue in each of our four 2dF 
fields with magnitudes in the range 16.5 < bj < 19.7. We 
take the distance to the cluster to be 20 Mpc (a distance 
modulus of 31.5 mag) as derived by Drinkwater, Gregg & 
Colless (2001b). This leads to an absolute magnitude range 
for cluster galaxies -14.8 ^ Mb Si -11.6, so all the cluster 
galaxies from FCSS are dwarfs in terms of their luminosity. 
We did not apply any morphological selection, although the 
APM image classifications from the blue survey plate were 
used to determine which photometry to use (i.e. the cata- 
logued APM magnitude in the case of unresolved images, or 
our fitted magnitudes for resolved images). 

Although our targets cover a wide range of surface 
brightnesses (see fig. 1 of Paper I), our final spectroscopic 
sample inevitably suffers from incompleteness at the low sur- 
face brightness end. It is not possible to measure spectra for 
the faintest LSBGs catalogued (at central surface brightness 
around 24.5 B mag arcsec" 2 ) in reasonable exposure times 
even though the multiplex advantage of 2dF enables us to 
profitably expose for longer times and hence go fainter than 
most previous nearby cluster work. Two hour exposures en- 
abled us to obtain measurable spectra for galaxies with cen- 



tral surface brightnesses down to 23.2 B mag arcsec -2 with 
a success rate of >80 per cent (see Paper I). In order to try 
to extend our surface brightness limit, we have also exper- 
imented with much longer exposures (around 4 hours) for 
the lowest surface brightness subset and have obtained suc- 
cessful spectra for some objects with surface brightnesses as 
faint as 23.7 B mag arcsec -2 . This forms the practical lower 
limit to our cluster galaxy sample. 

We observed all our targets with an identical observing 
setup for 2dF: the 300B grating and a central wavelength set- 
ting of 5800A giving a wavelength coverage of 3600-8010A 
at a resolution of 9A (a dispersion of 4.3A per pixel) . 

The 2dF facility includes its own data reduction pack- 
age, 2dfdr, which permits fast, semi-automatic reduction of 
data direct from the instrument. However, when we started 
the FCSS project 2dFdr was still under development, so 
we chose instead to reduce the data with the DOFIBERS 
package in IRAF0 as described in Paper I. We have since 
reduced the data independently with 2dFdr, obtaining en- 
tirely comparable results (Deady 2002). In particular, 98 per 
cent of spectra gave the same velocity shift (see below) to 
within the quoted errors; the remaining 2 per cent turned 
out, on further inspection, to have spurious features which 
had not been removed by the cleaning of the original data. 

Redshifts are determined in a standard fashion via 
cross-correlation of the spectra with templates, using 
RVSAO in IRAF (Kurtz & Mink 1998). However, as we re- 
quired an automated system capable of coping with a large 
number of stars as well as galaxies, we have used stellar 
template spectra of various types, rather than absorption 
line galaxy spectra. These were chosen from the library of 
Jacoby, Hunter & Christian (1984). In addition we use emis- 
sion line galaxy and quasar templates. For each spectrum we 
determined the best-matching template, the Tonry-Davies 
(1979) R coefficient, the redshift and its error. (Again see 
Paper I for more details and illustrations of the template 
spectra used). The redshifts are measured as radial veloci- 
ties in units of cz and are subsequently converted to helio- 
centric values. By choosing the template giving the best R 
coefficient we can determine not only the redshift, but a first 
estimate of the object type. We only accept identifications 
with R > 3. Objects with redshifts of ~500 kms -1 or less 
are Galactic stars for which the best template indicates the 
stellar spectral type. At higher redshifts, external galaxies 
are separated into absorption-line types if they match one of 
the stellar spectra or emission-line types if they match the 
emission-line galaxy template best. 

Typical velocity errors are around 64 km s _1 , while 
comparison with 44 galaxies with redshifts given in the 
NASA/IPAC Extragalactic Database (NED) reveals a neg- 
ligible external mean error of 7 ±17 km s" 1 and rms scatter 
of 110 km s , consistent with our internal errors given the 
heterogeneous data compiled in NED. 

In the second stage of the identification process we check 
each identification interactively (cf. Colless et al. 2001), us- 
ing the RVSAO package to display the best cross-correlation 
and the object spectrum with common spectral features 



* IRAF is distributed by the National Optical Astronomy Obser- 
vatories, operated by the Association of Universities for Research 
in Astronomy, Inc. under cooperative agreement with the NSF. 
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Table 1. The confirmed members of the Fornax cluster sample 



Name 
FCSS 


FCC 


FLSB 


NG 


Other 




FCC 
Type 


cz 
km s _1 


Template 


J033418.4-354740 


132 


- 


- 






dE2 


1883 ± 98 


MO 


J033612.9-360959 


164 


64 


- 






dS0(5),N 


1485 ± 45 


K5 


J033653.3-345618 


181 


71 


56 


HPW19 




dE2,N 


1333 ± 69 


G6 


J033703.3-353804 


- 


- 


- 


UCD1 






1491 ± 39 


K5 


J033718.0-354157 


194 


252 


- 






dE3 


1237 ±84 


GO 


J033723.3-345400 


195 


80 


55 


H14 




dE5,N 


1315 ± 69 


G6 


J033734. 1-354945 


196 


83 


23 






dE6 


1797 ± 129 


M0 


J033754.7-345255 


200 


256 


- 






dE2 


1184 ± 110 


F6 


J033806.3-352858 


- 


- 


- 


UCD2 






1312 ± 57 


K5 


J033816.7-353027 


(B1241) 


95 


- 






(dE3,pec?) 


2012 ± 91 


G6 


J033821. 5-351535 


211 


- 


71 






dE2,N 


2192 ±49 


F6 


J033854.1-353333 


- 


- 


- 


UCD3 = 


CGF1-4 




1591 ± 36 


K5 


J033905.8-360556 


221 


108 


43 






dE4,N 


1724 ± 77 


F6 


J033919.5-354334 


223 


114 


6 


HPW28 




dE0,N 


902 ± 83 


K5 


J033935.9-352824 


— 


— 


— 


UCD4 = 


CGF5-4 




1920 ± 40 


K5 


1033952 5-350424 








UCD5 






1 321 + 66 


F6 


J034001. 3-344529 


230 


120 


76 


HPW29 




dE5,N 


1149 ± 84 


GO 


J034023.5-351636 


241 


124 


5 


HPW30 




dE0,N 


2045 ± 107 


F6 


J034033.8-350122 


245 


126 


3 






dE0,N 


2265 ± 43 


K5 


J034042.3-353940 


247 


127 


40 






dE3/Im? 


1097 ± 108 


F6 


J034100.8-354433 


254 


129 


22 






dE0,N 


1517 ±94 


GO 


J034131. 8-353521 


264 


135 








dS0(8),N 


2033 ± 64 


G6 


J034159.4-352053 


(B1554) 






CGF3-1 




(E) 


1667 ± 59 


K5 


J034217.3-353226 


274 


141 


15 


HPW39 




dE0,N 


977 ± 85 


K5 



plotted at the calculated redshift. In the small number of 
cases when the redshift is obviously wrong (e.g. with the 
calcium H and K lines clearly present but misidentified), it 
is flagged as being incorrect or in some cases is recalculated 
interactively. Objects still not dealt with successfully at this 
stage are flagged to be re-observed. 

Note that the 2dF spectra, though of low resolution and 
unfluxed, are still useful for more detailed analysis than sim- 
ple redshift measurements and object classifications. How- 
ever, we defer any detailed analysis of the spectra in terms 
of, e.g., emission or absorption line equivalent widths, line 
ratios, absorption line indices or rough metalicities to later 
papers. 



3 THE FORNAX CLUSTER SAMPLE 
3.1 Composition of the sample 

Within Field 1, we found 24 galaxies with redshifts which 
place them in the Fornax Cluster (mean cz ~ 1450 km s _1 ). 
(In fact, 26 of the input APM catalogue objects have such 
velocities, but closer inspection reveals one to be an individ- 
ual HII region of the large irregular galaxy NGC 1427A and 
the other to be a mistakenly demerged part of the image of 
the giant galaxy NGC 1381.) Assignment to the cluster is 
unambiguous, as the cluster is well isolated in redshift space 
(see Paper I). Our magnitude selection limits place all the 
sample objects between roughly Mb~-U-8 and Ms=-11.6; 
more precise magnitudes are determined in Section 3.2 be- 
low. Five of the objects were originally observed as 'stars', 
i.e. they had unresolved or only marginally resolved images 
on the plate material used for the APM catalogue. The rel- 
atively small number of cluster galaxies is largely due to the 



lower bound on the surface brightness at which successful 
fibre spectra can be obtained. Many dwarfs at these faint 
magnitudes are expected to have surface brightnesses well 
below our practical 2dF limit at around 23.7 B mag arcsec -2 
(see, e.g., Irwin et al. 1990, Kambas et al. 2000). 

Our 24 objects are listed in R.A. order in Table 1. We 
give their official IAU designations along with their names 
in other recent Fornax catalogues. FCC refers to Fergu- 
son's (1989) Fornax Cluster Catalog, FLSBG numbers are 
from the Fornax Low Surface Brightness Galaxy catalogue 
of Davies et al. (1988), continued in Irwin et al. (1990) and 
the UCDs are from Phillipps et al. (2001). NG refers to the 
galaxies listed by Caldwell (1987). Note that the two non- 
compact galaxies without FCC numbers were given back- 
ground galaxy numbers by Ferguson (FCCB 1241 and 1554), 
but clearly these designations are now inappropriate (see 
Section 4.2 for a full discussion of this issue). The latter is 
also CGF3-1 from Hilker et al. (1999), and UCD3 and UCD4 
are CGF1-4 and CGF5-4 from the same source. Finally ob- 
jects FCC 181, 195, 223, 230, 241 and 274 were earlier stud- 
ied by Hodge (1960) or Hodge, Pyper & Webb (1965), where 
they were the dwarfs HPW 19, H 14 and HPW 28, 29, 30 
and 39, respectively (see Irwin et al. 1990). 

As noted, 17 of the 19 non-compact galaxies appear as 
cluster galaxies in Ferguson's FCC, and we have included 
Ferguson's assessment of their morphological types from his 
large plate scale Las Campanas plates. All are classified dE 
or, in two cases, dSO; 12 were judged 'definite members', 4 
as 'probable members' and 1 as a 'possible member' (see 
Section 4.2). 

The remaining columns in Table 1 give our de- 
rived heliocentric redshift (given as a 'velocity', cz) and 
the best fitting stellar template (there are no emis- 
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Figure 1. The unfluxed 2dF spectra for 2 of the Fornax 
Cluster sample. The full set of spectra can be viewed at 
http: / / www. star . bris.ac.uk /p j b/ 2dfspcctra. htm 



sion line objects in the sample once the NGC 1427A 
HII region has been removed). Example spectra are 
shown in Fig. 1 (all of them can be a ccessed at 
http:/ /www. star, bris.ac.uk/pjb/2dfspectra. htm). Remem- 



ber that no correction for throughput as a function of wave- 
length in each fibre has been attempted, so the continuum 
shape in the plots is fairly arbitrary. 

The majority (17) of the spectra are best matched by 
G (7) or K (10) star templates, with 6 matches to F types 
and 2 to M types. The fact that none of our objects dis- 
plays any sign of star formation corroborates Ferguson's dE 
and dSO classifications. The non-detection of any dwarf ir- 
regular (dl) galaxies within Field 1 is noteworthy. Field 1 
is centered on NGC 1399 and covers the central part of the 
cluster. Drinkwater et al. (2001a) obtained Flair-II spectra 
for 108 brighter (bj <18) members of the cluster over a 6° 
field. They found that among the dwarfs in their sample 
(Mb >-16.5), the early-type dwarfs dominate in the cluster 
centre (within a radius of 100 arcmin) with late-type dwarfs 
being concentrated in the outer regions of the cluster. 

Recent theoretical work on dynamical evolution has 
suggested that, in rich clusters, tidal forces from the clus- 
ter's tidal field can result in significant morphological evo- 
lution, enough to convert dls to dEs (Moore, Lake & Katz 
1998). Boyce et al. (2001) suggested that such forces may 
explain their observation that the core of the rich cluster 
Abell 868 is devoid of dls but that there are similar pro- 



portions of dls to dEs beyond the cluster centre. Mayer et 
al. (2001) have suggested that a related process ('tidal stir- 
ring') may explain the distribution of dl and dE galaxies in 
the Local Group. In this process tidal interactions between 
the dwarfs and the larger member galaxies cause the tidal 
instabilities which induce evolution from dl to dE. In a poor, 
but centrally concentrated cluster like Fornax, both of these 
processes may be at work. 

3.2 Photometry of the sample 

As noted earlier, initial photometry for all the catalogue 
galaxies was derived from the APM scan data in automated 
fashion, assuming pure exponential radial profiles and cir- 
cular isophotes (cf. Morshidi-Esslinger et al. 1999). We have 
now improved on this photometry by using photographic 
data from a IllaJ B plate and a Tech Pan R film from the 
UKST, digitised by the SuperCOSMOS measuring machine 
at the Royal Observatory, Edinburgh (e.g. Hambly, Irwin 
& MacGillivray 2001). Table 2 presents the results of this 
photometry. The data were calibrated (Deady 2002) onto 
the standard Cousins B and R system via comparison of 
the surface brightness profiles of four suitable, lowish sur- 
face brightness dwarfs (so as to avoid problems of satura- 
tion at moderate to high surface brightness on the plates) 
with corresponding CCD data from Davies, Phillipps & Dis- 
ney (1990). The methodology was as in Phillipps & Parker 
(1993). Note that none of the calibrating galaxies are actu- 
ally in the present cluster galaxy sample, either being out- 
side the 2dF area or of too low a surface brightness for 2dF 
spectroscopy. The Davies et al. (1990) calibration is closely 
similar (to 0.1 mag) to both that of the original APM low 
surface brightness galaxy survey of Davies et al. (1988) and 
the Fornax Cluster Catalog of Ferguson (1989). After inde- 
pendently calibrated Curtis Schmidt data became available 
(Karick et al., in prep.) we were able to confirm that our 
photographic and CCD B magnitude scales were in excel- 
lent agreement, too. 

To determine total magnitudes for our galaxies, we used 
the SEXTRACTOR package (Bertin & Arnouts 1996) to 
generate Kron magnitudes (Kron 1978). We selected an 
aperture size of 3.5 Kron radii (cf. Metcalfe et al. 1995), 
which contains 99.3 per cent of the light for an exponen- 
tial profile. Our magnitudes should therefore be total to 
within ~0.01 mag. A more significant source of error will 
be the determination of the background sky level. A real- 
istic measure of the uncertainty in this was judged to be 
Usky/10, where a s ky is the width (standard deviation) of 
the histogram of local sky values. Repeating the Kron ra- 
dius and magnitude calculation with the background varied 
by this amount gives our estimate of the magnitude errors 
from this source. Allowing also for possible systematic zero 
point errors of ~0.05 mag we find final photographic magni- 
tude errors ~0.1-0.2 mag. The B and R magnitudes for all 
our cluster galaxies are summarized in columns 4 and 5 of 
Table 2. Note, however, that the photographic data of the 
UCDs (denoted by an asterix in Table 2) suffer from satu- 
ration, so the B and R values in Table 2 only provide faint 
magnitude limits for these objects. Column 6 presents Mb 
values assuming D=20 Mpc (see Section 2). In this column, 
we have avoided the problems of the saturation of the pho- 
tographic data for the UCDs, by including, for these objects, 
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Table 2. Derived photometric parameters for the Fornax cluster sample 



Name 


a 


Mo 


B 


R 


M B 


a 


FCSS 


arcsec 


B mags arcsec - 2 








kpc 


J033418. 4-354740 


3.64 


23.2 


18.8 


17.3 


-12.7 


360 


J033612. 9-360959 


5.93 


21.9 


16.7 


15.3 


-14.9 


580 


J033653. 3-345618 


5.94 


22.9 


17.6 


16.3 


-13.9 


580 


J033703. 3-353804* 


0.89 


21.5 


20.2 


18.7 


-11.4 


< 100 


J033718. 0-354157 


4.13 


23.3 


18.6 


17.3 


-12.9 


410 


J033723. 3-345400 


7.27 


22.8 


17.1 


15.7 


-14.4 


720 


J033734. 1-354945 


7.90 


23.7 


18.2 


16.5 


-13.3 


790 


J033754. 7-345255 


4.62 


23.0 


17.8 


16.4 


-13.7 


450 


J033806. 3-352858* 


1.41 


22.3 


19.9 


18.3 


-12.4 


< 140 


J033816. 7-353027 


5.43 


22.7 


17.5 


16.1 


-14.0 


570 


J033821. 5-351535 


4.35 


21.5 


16.5 


15.1 


-15.0 


470 


J033854. 1-353333* 


0.98 


20.7 


18.9 


17.2 


-13.6 


< 100 


J033905. 8-360556 


3.86 


22.6 


18.0 


16.5 


-13.5 


380 


J033919. 5-354334 


9.21 


23.2 


16.6 


15.3 


-14.9 


900 


J033935. 9-352824* 


1.00 


21.9 


19.9 


18.5 


-12.5 


< 100 


J033952. 5-350424* 


0.97 


21.8 


20.1 


18.7 


-11.6 


< 100 


J034001. 3-344529 


5.30 


22.6 


17.6 


16.4 


-13.9 


520 


J034023. 5-351636 


8.76 


23.7 


17.1 


16.0 


-14.4 


860 


J034033. 8-350122 


6.85 


22.3 


16.3 


15.0 


-15.2 


670 


J034042. 3-353940 


6.02 


23.4 


18.1 


17.1 


-13.4 


590 


J034100.8-354433 


9.42 


24.6 


18.1 


16.6 


-13.4 


920 


J034131. 8-353521 


6.08 


21.9 


17.0 


15.7 


-14.5 


600 


J034159.4-352053 


3.23 


22.1 


17.8 


16.2 


-13.8 


320 


J034217.3-353226 


6.30 


22.8 


16.9 


15.8 


-14.7 


620 



the absolute magnitudes derived from Curtis Schmidt CCD 
data by Phillipps et al. (2001), and corrected from bj to B 
by assuming B — V~0.7. 

The B — R colours are all rather similar (nearly all 
between 1.2 and 1.5), and are consistent with the spec- 
tral classifications as quiescent dE or dSO galaxies. Aside 
from the UCDs, the galaxies have a mean colour of < B — 
R >=1.33±0.03, essentially identical to the < B-R >=1.38 
reported by Davies et al. (1990) for their (presumed) cluster 
LSBGs. Although the numbers are small, there is a (com- 
forting) slight trend for redder colours for the objects which 
match best to later type stellar spectra (in particular the 
two M0 matches have an average B — R of 1.54). 

The STARLINK routine ELPROF was used to deter- 
mine the radial intensity profile, as a function of semi-major 
axis length, for the cluster dwarfs (as well as the calibrating 
galaxies) from the photographic B and R data. The radial 
intensity profiles and radial colour distributions are illus- 
trated in Fig. 2. Most of the radial intensity profiles are well 
fitted by a simple exponential law (straight line in the plot), 
typical of dwarf galaxies, though some do show some curva- 
ture. In some cases this is due merely to the saturation of 
the B band measurements at ~22 B mag arcsec - . This is 
less of a problem with the R profiles as the Tech Pan films 
have somewhat better dynamic range. For completeness we 
have therefore also fitted the more general Sersic (1968) law 
(cf. Davies et al. 1988). This fitting confirms that 13 of the 
19 normal (i.e. not ultra-compact) dwarfs have best fitting 
indices n = 1.0 ± 0.2 (in the B band), where n = 1 corre- 
sponds to a pure exponential. Four of the remainder have n 
between 0.4 and 0.8 (a pure de Vaucouleurs (1959) law, ap- 
propriate for giant ellipticals, would have n = 0.25), while 
two have n ~ 1.4. Given that the differences in n calcu- 



lated for the B and R band profiles are typically around 0.2 
(even when there is no systematic colour gradient), that is 
probably a reasonable estimate of the level of uncertainty in 
n. For subsequent fitting we thus assume that the standard 
exponential profile is a sufficiently good fit in all cases. 

Columns 2 and 3 of Table 2 therefore contain the scale 
sizes a (in arcsec) and extrapolated central surface bright- 
nesses no of the exponential fit to the B band radial inten- 
sity profiles. Column 7 lists the scale size in kpc (assuming 
D=20 Mpc). Fitting was carried out in the range between 
22.5 and 26 B mag arcsec -2 . For the compact objects, the 
tabulated values are merely limits on the intrinsic surface 
brightnesses and scale lengths due to the effects of the point- 
spread function (as discussed in more detail in Paper V). 
Errors in the scale sizes from the fitting procedure are typ- 
ically of order 10 per cent, and the differences between the 
B and R scale lengths are at the same level in almost all 
cases (though a couple show systematic colour gradients and 
therefore differences up to ~20 per cent). One galaxy, FCSS 
J034100. 8-354433, is difficult to treat as simply as the oth- 
ers as it appears to have a two component structure. In the 
table we give the parameters for its 'outer disc' (which has 
a very low surface brightness around 24.5 B mag arcsec -2 , 
making it an outlier in the plots below), but it also has a 
much more steeply rising 'inner bulge' with actual central 
surface brightness more like 23 B mag arcsec -2 (hence the 
successful spectroscopy of this object), and a scale size of 
around 2 arcsec. Given the small range of colours for most 
of the sample, unsurprisingly no correlation between colour 
and surface brightness or scale length is apparent. 
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Figure 2. Radial intensity profiles and radial colour profiles for the Fornax Cluster sample 
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Figure 2. continued 
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Figure 2. continued 
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Figure 2. continued 
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Figure 2. continued 



4 DISCUSSION 

4.1 The Bivariate Brightness Distribution (BBD) 
of the cluster sample 

Two necessary steps towards any full understanding of the 
processes of galaxy formation and evolution are (i) the com- 
pilation of a full and complete census of the local extra- 
galactic population and (ii) an accurate and detailed quan- 
tification of this population. Traditionally astronomers have 



sought to quantify the local galaxy population by construct- 
ing galaxy luminosity functions (LFs). The LF of a sample 
of galaxies is the space density of the galaxies in that sample 
as a function of absolute luminosity. In theory, if one could 
select a complete sample of galaxies over a sufficiently large 
section of the local Universe such that large-scale structure 
and clustering effects could be ignored then the LF which 
could be constructed would provide a definitive measure of 
the local luminosity density. In practice the many studies of 
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the field population LF (Loveday et al. 1992; Lin et al. 1997; 
Marzke et al. 1997; Bromley et al. 1998; Muriel, Valotto & 
Lambas 1998; Zucca et al. 1997; Folkes et al. 1999) have pro- 
duced significantly differing results and have generally not 
been complete to very faint limits. An alternative approach 
is to seek for clues about galaxy formation and evolution by 
constructing the LF for particular environments and then 
studying the difference in the derived LFs between environ- 
ments. The many recent studies of the LFs of particular clus- 
ters (e.g. Driver et al. 1994; de Propris et al. 1995; Lobo et al. 
1997; Wilson et al. 1997; Valotto et al. 1997; Smith, Driver & 
Phillipps 1997; Trentham 1997a, 1997b, 1998; Driver, Couch 
& Phillipps 1998b; Garilli, Maccagni & Andreon 1999) fall 
into this category. 

However, it is now well established that the inclusion 
of a galaxy in an optically selected sample is critically de- 
pendent not only on its absolute luminosity but also on its 
surface brightness (Disney 1976; Phillipps, Davies & Disney 
1990; Impey & Bothun 1997). It is also well established that 
LSBGs exist with a wide range of total luminosities. Such 
galaxies will have been excluded from most determinations 
of the LF. A more thorough and physically meaningful way 
to quantify the extragalactic population is the construction 
of a Bivariate Brightness Distribution (BBD), i.e. the space 
density of galaxies as a function of their total luminosity 
and their surface brightness or, equivalently, as a function 
of their size and surface brightness (Boyce & Phillipps 1995; 
Dalcanton 1998; Cross & Driver 2002). A consideration of 
any possible surface brightness-luminosity relation is then 
encompassed as part of the wider determination of the BBD. 
Past attempts at deriving a BBD (e.g. Choloniewski 1985; 
van der Kruit 1987; Sodre & Lahav 1993) have generally suf- 
fered from poor statistics. The advent of wide-field imaging 
surveys and dedicated spectroscopic surveys has made the 
measurement of the BBD for statistically significant popu- 
lations possible for the first time (Driver 1999; Cross et al. 
2001; de Jong & Lacey 2000; Blanton et al. 2001). These 
authors have all studied the 'field' population to relatively 
bright limits. 

A thorough attempt, therefore, to catalogue and quan- 
tify the contents of a cluster, requires, as a first stage, the 
detection of a complete sample of cluster objects to well 
defined (preferable very faint) limits in absolute luminosity 
and surface brightness. Secondly, the morphologies of the 
various objects found need to be determined. Finally, the 
BBD for each morphological type can be constructed. Even 
this could be further refined since, for example, one might 
expect the morphological composition of the cluster core to 
differ from its outer regions. Hence, one may wish to study 
the BBD as a function of cluster radius. 

Whilst we do not yet have a large enough sample of 
Fornax Cluster objects to undertake a full determination 
of the cluster BBD, we do have a complete sample close 
to the cluster centre with well defined luminosity and sur- 
face brightness limits and can, therefore, draw some general 
conclusions about the luminosity-surface brightness or size- 
surface brightness distribution for the first time. 

Fig. 3 shows the size-surface brightness distribution of 
the Fornax Cluster sample using the B-band data from Ta- 
ble 2 (i.e. plotting /io against a). The limits imposed by 
the APM magnitude selection limits (16.5 < bj < 19.7) are 
noted. These boundaries become slightly fuzzy in terms of 



the final photometry since the target selection was in terms 
of APM bj magnitudes. The actual APM catalogue limit (on 
isophotal size at a threshold surface brightness) hardly im- 
pinges on our sample, as noted earlier, since the low surface 
brightness galaxies which we are biased against including 
because of their small isophotal sizes (see e.g. Davies et al. 
1988) have too low a surface brightness to be successfully ob- 
served by 2dF anyway. Also noted in Fig. 3 is the position of 
our absolute surface brightness limit at 23.7 B mag arcsec -2 . 
The surface brightness effective limit is a fuzzy boundary be- 
tween 23.2 and 23.7 B mag arcsec -2 where the 2dF success 
rate falls from ~80 per cent to zero. 

Since we are dealing with fibre spectra, it is only the 
central region of the object which is observed. This can have 
a positive effect on the inclusion of low surface brightness 
objects in the case where they are nucleated (i.e. dE,Ns) 
since the nucleus may be bright enough to obtain a success- 
ful spectrum even if it sits in a very low surface brightness 
galaxy. For example, we noted in Section 3.2 that J034100.8- 
354433 has a prominent nuclear bulge and that the values 
of \io and a included in Table 2 refer only to the outer disk 
component of this galaxy. In fact, according to the FCC, 12 
of our sample are nucleated (see Table 1). However, in our 
imaging data only 3 (J034023. 5-351636, J034100.8-354433 
and J034217.3-353226) show an observed central surface 
brightness significantly brighter than the extrapolated value 
listed in Table 2. For these 3 objects, we show on Fig. 3 the 
observed as well as the extrapolated central surface bright- 
ness. This makes it clear how J034100. 8-354433 in particular 
has been included in the sample despite having an extrapo- 
lated central surface brightness of 24.6 B mags arcsec -2 . 

From Fig. 3 it can be clearly seen that the Fornax sam- 
ple falls into two distinct areas of the size-surface bright- 
ness plane. Firstly, the UCDs can be seen around a~l arc- 
sec (~100 pc at the distance of Fornax) between /i o =20.5- 
22.3 B mag arcsec -2 . Secondly, the rest of the (non-compact) 
dwarfs have a >3 arcsec. Above a=3 arcsec (~300 pc), the 
cluster sample essentially fills all of the available (a,/x ) pa- 
rameter space and therefore shows no correlation between 
the parameters. This non-correlation was claimed previously 
on purely photometric grounds by Davies et al. (1988) and 
Irwin et al. (1990). However, the area of parameter space 
between a=l-3 arcsec contains no galaxies. There appears 
to be a minimum scale size which a Fornax dE can have. 

Whilst Fig. 3 re-emphasises that the UCDs appear to 
form a distinct population from the larger 'normal' dwarfs, 
one cannot extrapolate too much about the relative prop- 
erties of the UCDs and the non-compact objects from this 
figure alone. As noted above, due to the unresolved nature of 
the UCDs in the photographic data, the plotted values of fi 
and a are merely limits: the UCDs may be smaller and have 
higher surface brightness than we measure. In fact a prelim- 
inary analysis of HST imaging of these objects (Drinkwater 
et al, in prep.) suggests that the UCDs actually have scale 
sizes as small as 0.1 arcsec and central surface brightnesses 
up to 3 mag brighter than measured from our photographic 
data. The bright central surface brightnesses of the UCDs 
will make them detectable to fainter magnitudes than the 
non-compact objects and hence the relative number densi- 
ties of the two populations are not clearly illustrated by Fig. 
3. The nature of the UCDs is currently a subject of some dis- 
cussion (Drinkwater et al. 2000b; Hilker et al. 1999; Mieske, 
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Figure 3. Plot of B-band extrapolated central surface brightness against B-band scale-length for the Fornax Cluster sample. The Ultra 
Compact Galaxies (UCDs) are denoted by filled triangles, the other Fornax cluster galaxies by filled squares. The open squares show 
the observed central surface brightness for those 3 nucleated galaxies where this is significantly brighter than the extrapolated central 
surface brightness. 



Hilker & Infante 2002) , the debate focussing on whether the 
UCDs form a distinct population of galaxies not linked to 
globular clusters or whether there is a smooth transition be- 
tween both populations. We defer further consideration of 
this issue until presentation of our HST results. 

From Fig. 3, we can say little about the area with sur- 
face brightness fainter than 23.7 B/i. However, it is notewor- 
thy that we have detected 6 objects with surface brightness 
between 23.2-23.7 B mag arcsec -2 , despite the complete- 
ness of the sample as whole falling from 80 to per cent in 
this range. We might reasonably expect further dwarfs to lie 
within this region. 

Fig. 4 shows the relationship in its alternative form, 
showing B central surface brightness against absolute B 
magnitude. The upper and lower bj magnitude selection 
limits are once again shown along with the absolute sur- 
face brightness limit at 23.7 B mag arcsec -2 . The outlier 
FCSS J034100.8-354433 is again seen apparently defying 
these limits at ^ ~24.5 B mag arcsec -2 , Mb~-13.4. 

Also shown in Fig. 4 is the locus for a galaxy with a 
pure exponential profile with a constant scale size of 3 arc- 
sec (~300 pc at the distance of Fornax), assuming a circular 
image. There is a large area of parameter space to the upper 



right of this line within which the FCSS would have detected 
galaxies, but the only galaxies within it are the UCDs. How- 
ever, as noted above, the UCDs may have central surface 
brightness up to 3 mag brighter than derived from our pho- 
tometry. If so, then the plotted area of parameter space to 
the upper right of the a=3 arcsec locus would be completely 
empty. Below the a=3 arcsec locus the sample fills the en- 
tirety of available parameter space. It is notable that this 
limit in scale-size imposes on the sample the upper-bound 
of an apparent surface brightness-magnitude 'correlation'. 
However, to our limits of Mb and /i there is no evidence 
for a lower bound to any such correlation. If such a surface 
brightness-magnitude correlation does exist for the Fornax 
dwarfs it must be fairly broad. For example, at A/s=-15.0 
the surface brightness distribution is <;2.5 mag in width. 

In Fig. 5 we again present the Fornax dwarf sample on 
a plot of central surface brightness against absolute lumi- 
nosity. We also show on this figure the positions of Local 
Group galaxies taken from Mateo (1998). One needs to be 
wary of reading too much into this diagram. Whilst we might 
reasonably expect that Local Group galaxies form the most 
complete sample of galaxies at faint luminosities and low 
surface brightness available, the Local Group data does not 
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Figure 4. Plot of B-band extrapolated central surface brightness against B-band absolute magnitude for the Fornax Cluster sample. 
The Ultra Compact Galaxies (UCDs) are denoted by filled triangles, the other Fornax cluster galaxies by filled squares. 



form a sample to strictly defined completeness limits. We are 
also, of course, comparing galaxies from two different envi- 
ronments (i.e. the centre of the Fornax cluster and the much 
more diffuse Local Group). The presence of several dls in the 
Local Group, where none was found in Field 1 of the FCSS, 
is testimony to this. In common with the Fornax dEs, all of 
the Local Group dEs also have ai;300 pc. Most of the Local 
Group dls are also constrained by this scale size limit, apart 
from two outliers, both of which lie in the region of (Mb, Mo) 
space occupied by the UCDs. However, as noted above, the 
UCDs have central surface brightnesses up to 3 mag brighter 
than derived from our photometry, in which case the Local 
Group dls do not in reality lie in a similar region of {Mb, Ho) 
space. The dSphs of the Local Group do appear to show a 
correlation between surface brightness and absolute magni- 
tude, although these objects are generally considered to form 
a distinct population from the brighter dEs. Many of the Lo- 
cal Group dSphs have scale-sizes less than 300 pc. Our FCSS 
data are not sensitive enough to detect any similar objects 
in Fornax. 

We also note on Fig. 5 the region at bright absolute lu- 
minosities (Mb <-16.0) within which the galaxies from the 
faint end of Cross et al.'s (2001) 2dFGRS sample lie. This is 
one of the largest samples of bright galaxies yet assembled 
and formed the basis of Cross et al.'s determination of the 



BBD (see also Cross & Driver 2002). It should be noted, 
however, that Cross et al.'s sample is not differentiated by 
morphological type (it includes ellipticals, bulge dominated 
spirals, disc dominated spirals and irregulars). In order to 
compare the Cross et al. sample with our data, we have 
translated their effective surface brightnesses to central sur- 
face brightness by assuming a shift of ~1.8 mag appropriate 
for an exponential profile. Within the limits of their sample, 
Cross et al. found a correlation between surface brightness 
and absolute magnitude such that fi e scales as 0.42Ms. The 
relationship is around 2.5 mags wide in surface brightness 
at each absolute magnitude. It is clear from the Fornax and 
Local Group data that this relationship does not extend to 
fainter magnitudes. As noted, the lower limit to the scale size 
of the dEs (at a~300 pc) creates an apparent upper-bound 
to a surface brightness-magnitude 'correlation'. Obviously 
the fj, e of this upper-bound scales as Mb, i.e. much steeper 
than the Cross et al. correlation. There is, though, no ev- 
idence that there is a low surface brightness bound to any 
such correlation for dwarfs. The correlation between surface 
brightness and absolute magnitude for Local Group dSphs is 
also much steeper than that from Cross et al.'s bright galaxy 
sample. 
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Figure 5. Plot of B-band extrapolated central surface brightness against B-band absolute magnitude for the Fornax Cluster sample 
(filled squares), for the Local Group (open symbols - see key) and for the faint end of Cross et al.'s (2001) 2dFGRS sample. 



4.2 Morphology as an indicator of cluster 
membership 

A prime aim of the FCSS is to test the reliability of us- 
ing optical morphology as a basis for determining cluster 
membership. Firstly, it is worth noting that only ~50 per 
cent of our complete cluster sample galaxies actually have 
/xo>22.5 B mag arcsec -2 , the criterion often used to define 
a low surface brightness galaxy. In other words, though all 
our objects are dwarfs, many of them extreme dwarfs, in 
terms of luminosity, half of them are not low surface bright- 
ness galaxies. So, any selection based on the assumption 
that all cluster dwarfs are going to be LSBGs will be flawed. 
Of course, many other LSB dwarfs which are really present 
will be too faint for us to obtain a spectroscopic redshift, 
so the true fraction of non-LSBG dwarfs will be consid- 
erably smaller than 50 per cent, but the important point 
as regards morphological (pre)selection is that such dwarfs 
do exist. In addition we find 15 background objects with 
/io>22.5 B mag arcsec -2 which would morphologically be 
likely to be assigned to the cluster. 

Our best point of comparison is with Ferguson's (1989) 
FCC. Ferguson catalogued 2678 objects from photographic 
plates of an area 40 deg 2 centered on the Fornax cluster. He 
gave each object one of five classifications: 'class 1 - definite 
cluster member'; 'class 2 - probable cluster member'; 'class 



3 - possible cluster member'; 'class 4 - likely background 
object'; and 'class 5 - definite background object'. 

Of our complete sample of 24 Fornax Cluster dwarfs, a 
total of 17 (71 per cent of our cluster sample) were ascribed 
by Ferguson to the cluster: 12 as class 1; 4 as class 2; and 
1 as class 3. One of our cluster sample (FCSS J034159.4- 
352053) was described as class 5 ('definite background ob- 
ject'). This object has the smallest scale size (3.23 arcsec) 
of any of the non-UCDs in our sample, although its surface 
brightness and absolute magnitude are not remarkable com- 
pared to the rest of the cluster sample. Another of our sam- 
ple (FCSS J033816.7-353027) was listed by Ferguson as a 
'class 4' ('possible background object'). This does not have 
a remarkable surface brightness or absolute magnitude al- 
though it has one of the smaller scale lengths of the non- 
UCD objects (5.43 arcsec). Ferguson did not include any of 
the UCDs within the FCC either as background galaxies or 
cluster members. Presumably these were so compact as to 
be considered foreground stars. 

In addition, within the FCSS survey of Field 1 we found 
that a further 5 objects which Ferguson had ascribed to the 
cluster (1 as class 1; 4 as class 2) are actually background 
objects. So within our field and our selection limits, Fergu- 
son ascribed 22 objects to the cluster. FCSS has found that 
5 of these objects (i.e. 23 per cent of Ferguson's cluster ob- 
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jects) are actually background objects. A further 9 objects 
which were listed by Ferguson as class 3 ('possible cluster 
member') but included in his table of background galaxies, 
are confirmed by FCSS as background objects. 

To summarise: Ferguson did not include any of the 
FCSS's UCDs within the FCC (either as 'cluster' or 'back- 
ground' objects), presumably assuming them to be stars. 
Ferguson did include within the FCC all 19 of the non- 
compact cluster dwarfs from the FCSS: however, he mis- 
classified 2 of these as 'background' objects. Hence, the FCC 
contains 89 per cent of the non-compact dwarfs within the 
FCSS cluster sample (but only 71 per cent if one considers all 
dwarfs in the FCSS). However, the FCC contains a further 5 
objects as 'cluster' members which have been shown by the 
FCSS to be background objects: i.e. within the FCSS's field 
and selection limits, 23 per cent of those objects described as 
cluster members by the FCC are shown by the FCSS to be 
background objects. This clearly illustrates that attempts 
to determine cluster membership solely on the basis of ob- 
served morphology can produce significant errors: firstly be- 
cause many compact galaxies will be mis-classified as stars; 
and secondly because many non-compact background ob- 
jects will be mis-classified as cluster members and a smaller 
number of cluster members will be mis-classified as back- 
ground objects. 



5 CONCLUSIONS 

We have obtained spectra for a morphologically unbiased 
set of cluster dwarf galaxies as part of the Fornax Cluster 
Spectroscopic Survey. The present paper provides the pho- 
tometric study of these confirmed cluster dwarfs. We find 
that, despite their low luminosities, not all the dwarfs also 
have low surface brightness. There is therefore a wide spread 
of parameters in the space of surface brightness versus lu- 
minosity or scale size. The only correlation evident in these 
plots is the one in the luminosity-surface brightness plane 
caused by the absence of 'normal' dwarfs with scale sizes 
below about 300 pc. Even then, a separate class of Ultra- 
Compact Dwarfs fills some of this otherwise empty area of 
parameter space. Morphological selection of cluster dwarfs 
solely on the grounds of their low surface brightness may 
therefore overlook a significant number of dwarf galaxies 
which are virtually impossible to discriminate from back- 
ground, larger galaxies on appearance alone. 

The data presented within this paper result from the 
completion of only one of the intended 4 FCSS fields. We 
now have full data for the second field and are in the process 
of reducing these. The completion of all 4 fields will not only 
improve the statistics of our results but will also enable us 
to study the distribution of dwarf galaxies of different mor- 
phologies (i.e. dE, dl, UCD) as a function of position within 
the cluster. Such studies will be assisted by the deep CCD 
g,r,i,z imaging of the cluster region which we have now ob- 
tained using the 4.0-m Blanco Telescope at the Cerro Tololo 
Inter- American Observatory. These data are currently being 
reduced. 

Important scientific advances could also potentially be 
made by improving the sensitivity of our spectroscopy to 
fainter luminosities and/or surface brightnesses. This can be 
clearly seen by studying Figs. 4 and 5. Using the CCD data 



we should be able to define a sample to a considerably fainter 
B magnitude limit. The standard 2dF set-up would be ade- 
quate to obtain spectra of the higher surface brightness ob- 
jects in such a sample. This would include many potential 
UCDs. However, even bigger advances will require us to ob- 
tain spectra for objects at fainter surface brightness limits 
than the present limit of 23.7 B mag arcsec -2 . This pos- 
sibility now exists with the commissioning of multi-object 
spectrographs on the new generation of 8-m telescopes. 

The number of cluster objects found in Field 1 is 
dwarfed by the number of confirmed background objects 
(1175). Such a sample is potentially of great value to studies 
of the BBD of field galaxies. Although the present magnitude 
limit is only slightly lower than that of the 2dFGRS used by 
Cross et al. (2001) for their determination of the BBD, the 
FCSS background sample has the advantage that the FCSS 
sources were not pre-selected as galaxies. Hence, our sample 
will contain a fairer representation of compact objects in the 
background than Cross et al.'s (see Paper II). For the lower 
surface brightness objects in our sample we have also used 
longer exposure times than the 2dFGRS, so FCSS extends 
to fainter surface brightness than 2dFGRS. However, if the 
FCSS sample could be pushed to even fainter luminosity and 
surface brightness limits then, not only will this enable us to 
study the cluster BBD better, but the resulting sample will 
be ideal for studying the field BBD to fainter surface bright- 
ness limits than yet obtained. For example, Cross et al.'s cor- 
relation between luminosity and surface brightness has only 
been tested between -24< M B <-16.0 and 18.0< n e <24.5. 
At present the FSCC is ~80 per cent complete to a surface 
brightness about 0.5 mag fainter than this. Further improve- 
ments in the sensitivity of the spectroscopy will enable us 
to sample whole new regions of (Mb,^o) space. 
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